Introduction
Hepatitis B virus (HBV) infection is one of the major etiologies of chronic liver disease (1) . The pathologies secondary to HBV infection are highly variable, ranging from chronic hepatitis, fibrosis, cirrhosis to hepatocellular carcinoma (HCC). The goal of therapy in patients with chronic hepatitis B (CHB) is to suppress HBV reproduction in order to prevent the complications of HBV-associated liver diseases, including necroinflammation, fibrosis, cirrhosis and HCC (1) . Hence, patients with CHB infection require anti-viral therapy and long-term follow-up (2) (3) (4) . Early identification of CHB infection is important for early diagnosis of liver fibrosis (5) .
Another important health burden is obesity. Due to preferences for unhealthy food and decreased physical activity of individuals, obesity has gradually become a new epidemic (6) . Abdominal obesity is a type of obesity that is commonly associated with severe metabolic disorders and cardiovascular diseases. An estimated 30% of adults in Europe and the Americas and 20% of adults in Asia have abdominal obesity (7) (8) (9) . Furthermore, an increasing number of patients with CHB infection have developed abdominal obesity (10, 11) . Previous studies have indicated that abdominal obesity may induce non-alcoholic fatty liver disease (NAFLD), insulin resistance, type 2 diabetes mellitus (T2DM) and even metabolic syndrome (12) . A previous study has observed an association between central obesity and advanced liver stiffness in the context of HBV infection (13) . Wong et al (14) indicated that coincidental metabolic syndrome increases the risk of liver fibrosis progression in CHB patients, independent viral load and hepatitis activity. Those studies suggest that obesity may have a role in liver fibrosis among patients with CHB. However, the association between abdominal obesity and liver fibrosis in patients with CHB infection remains to be fully elucidated. In the present study, CHB patients with or without abdominal obesity were enrolled and the prevalence of liver fibrosis in these groups was determined. Indicators of liver fibrosis were explored to provide medical evidence for 
Results

Demographic and clinical characteristics of patients.
A total of 615 patients with CHB were enrolled in the present study. Among these patients, 287 had abdominal obesity (abdominal obesity group) and 328 were non-abdominal obesity patients (non-abdominal obesity group). The proportion of males in the abdominal obesity group was significantly higher than that in the non-abdominal obesity group. The age, body height and weight, systolic blood pressure (SBP) and diastolic blood pressure (DBP) of patients in the abdominal obesity group were higher than those in the non-abdominal obesity group. The proportions of patients with smoking history, drinking history, T2DM and NAFLD in the non-abdominal obesity group were significantly lower than those in the abdominal obesity group. The serum levels of ALT and AST, and the proportion of patients with hyperlipidemia were comparable between the two groups, as presented in Table I .
Comparison of liver fibrosis between the two groups.
The condition of the liver regarding fibrosis was compared between the two groups (Table II) . The liver stiffness value in the abdominal obesity group was significantly higher than that in the non-abdominal obesity group (9.94±11.59 vs. 7.47±7.58; P= 0.002). The proportion of patients with liver fibrosis and advanced fibrosis in the abdominal obesity group was significantly higher than that in the non-abdominal obesity group (P=0.011) according to the METAVIR scores.
Clinical characteristics of abdominal obesity patients with or without liver fibrosis.
To further determine the factors associated with liver fibrosis in CHB patients with abdominal obesity, the patients in the abdominal obesity group were stratified into fibrosis and non-fibrosis subgroups. The clinical characteristics of the two subgroups are presented in Table III . The average age and AST levels in patients with fibrosis were significantly higher than those in the non-fibrosis group, while the PLT level was lower in the fibrosis group as compared with that in the non-fibrosis group. In addition, the proportion of patients with a smoking history, alcohol consumption history and diabetes in the fibrosis group was significantly higher than that in the non-fibrosis group.
Indicators associated with fibrosis in CHB patients with abdominal obesity. Univariate and multivariate analyses were performed to explore the indicators associated with fibrosis among CHB patients with abdominal obesity (Table IV) . Univariate analysis indicated that >43 years, a high AST level, a low PLT level, smoking, alcohol consumption and T2DM were significant indicators associated with liver fibrosis in CHB patients with abdominal obesity. Multivariate analysis suggested that a high AST [(odds ratio (OR)=1.003; P<0.001], a low PLT (OR=0.991; P<0.001), smoking (OR=2.002; P=0.019) and T2DM (OR=2.047; P=0.029) were independent indicators associated with liver fibrosis in CHB patients with abdominal obesity.
Indicators associated with advanced fibrosis in CHB patients with abdominal obesity. Factors associated with advanced liver fibrosis in CHB patients with abdominal obesity were then determined (Table V) . Univariate analysis suggested that an older age, a high AST level, a low PLT level, smoking, alcohol consumption and T2DM were significant indicators for advanced fibrosis in CHB patients with abdominal obesity. Multivariate analysis indicated that only advanced AST (OR=1.024; P<0.001), alcohol consumption (OR=1.994; P=0.032) and diabetes (OR=1.977; P=0.045) were independent indicators for advanced liver fibrosis.
Indicators associated with liver steatosis in CHB patients with abdominal obesity. Indicators associated with liver steatosis among CHB patients with abdominal obesity were then determined (Table VI) . Univariate analysis suggested that a high body weight, SBP and DBP and a high AST level were significant indicators for liver steatosis among CHB patients with abdominal obesity. Subsequent multivariate analysis indicated that only a high body weight (OR=1.113; P<0.001) and high DBP (OR=1.079; P=0.002) were independent indicators for liver steatosis in CHB patients with abdominal obesity. Table I . Baseline demographic and clinical characteristics in the two groups of patients with chronic hepatitis B.
Abdominal obesity The normal ranges: ALT, 0-40 U/l; AST, 0-40 U/l; PLT, 100-300 G/l, HBV DNA <500 log IU/ml. Values are expressed as the mean ± standard deviation, n or percentage. ALT, alanine aminotransferase; AST, aspartate aminotransferase; PLT, platelets; HBV, hepatitis B virus; T2DM, type 2 diabetes mellitus; NAFLD, non-alcoholic fatty liver disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; G/l, giga per liter. Table II . Parameters of liver fibrosis and advanced fibrosis in the two groups of patients with chronic hepatitis B.
Abdominal obesity Values are expressed as the mean ± standard deviation, n or percentage.
Discussion
An estimated 240 million individuals worldwide have CHB (1) . Although the clinical management of HBV infection and CHB, including anti-viral therapy, have been widely established, CHB infection remains one of the major etiologies of liver fibrosis and cirrhosis (17) (18) (19) (20) . Cirrhosis is characterized by diffuse fibrosis and liver tissue abnormalities, including hepatocyte necrosis and regenerative liver nodules (21) . Liver cirrhosis is a indicator for end-stage liver disease, including decompensated liver disease, and HCC (22) (23) (24) . Therefore, early diagnosis of liver fibrosis is important for the clinical management of CHB patients. Liver biopsy is the gold standard for assessing hepatic fibrosis and steatosis. However, liver biopsy is associated with a risk of complications. The rate of complications is ~0.5% and the fatality rate is ~0.05% (5). In clinical practice, it is difficult to perform liver biopsy in a large population (11) . Exploring the indicators for liver fibrosis in patients with CHB and monitoring a high-risk subpopulation is a more suitable clinical strategy. Abdominal obesity has been confirmed to be associated with diabetes, hypertension and NAFL (10) . The number of individuals with abdominal obesity has been on the rise, and a significant proportion of CHB patients have abdominal obesity. Although it has been demonstrated that diabetes may lead to liver fibrosis (25) , the impact of abdominal obesity on patients with CHB-associated liver fibrosis has not been explored. The present study revealed that CHB patients with abdominal obesity had a significantly higher liver stiffness value than those without abdominal obesity. Furthermore, in the abdominal obesity group, the proportion of patients with liver fibrosis and advanced liver fibrosis were higher compared with those in the non-abdominal obesity group. These results suggest that for CHB patients, abdominal obesity may exacerbate the progression of liver fibrosis. Therefore, screening for liver fibrosis in CHB patients with abdominal obesity and timely intervention are of great importance.
The present study confirms that high AST and low PLT levels are independent indicators for hepatic fibrosis in CHB patients with abdominal obesity. This result is consistent with that of a previous study where AST and PLT were regarded as indicators of liver fibrosis in CHB patients (26) . The present study also suggested that smoking promotes liver fibrosis in CHB patients with abdominal obesity. Previous studies have indicated that smoking may promote liver fibrosis in patients with primary biliary cirrhosis, but the exact mechanism has remained elusive (27) . In vitro experiments have suggested that smoking may induce activation of hepatocyte apoptosis by releasing metalloproteinases and promoting Fas expression (28, 29) . In addition, smoking may stimulate hepatic stellate cells through oxidative stress, and induce the expression of interleukin (IL)-1, IL-6 and tumor necrosis factor-α, thereby promoting the progress of liver fibrosis (30) . The present study confirmed that smoking is an independent indicator for hepatic fibrosis in CHB patients with abdominal obesity. It is therefore indicated that smoking cessation is beneficial for CHB patients, particularly for those with abdominal obesity.
The present study suggested that alcohol consumption is an independent indicator for advanced liver fibrosis in Table III . Characteristics of subjects with chronic hepatitis B and abdominal obesity with or without liver fibrosis. CHB patients with abdominal obesity. Previous studies have demonstrated that alcohol is an inducer of hepatocyte apoptosis (31) . With increases in alcohol intake, hepatocyte apoptosis increases significantly. Alcohol is transformed to acetaldehyde in hepatocytes and directly damages the hepatocyte membrane (32) . The results of the present study confirm that alcohol consumption is an independent indicator for advanced hepatic fibrosis in CHB patients with abdominal Table IV . Risk factors associated with fibrosis in chronic hepatitis B with abdominal obesity. obesity. Timely intervention in the form of abstinence of CHB patients with abdominal obesity may help to delay the progression of the disease and improve the long-term prognosis. It has been suggested that metabolic syndrome is an indicator of advanced liver fibrosis and cirrhosis independent of viral load in CHB patients (14) . Metabolic syndrome, comprising T2DM, hypertension, central obesity and dyslipidaemia, is increasingly prevalent worldwide, particularly in Asia (10, 33) . A dose-response association between the number of components of metabolic syndrome and the risk of advanced fibrosis was observed in CHB patients (10) . Adipokines may have a role in liver fibrosis in CHB patients. Therefore, the dynamic and interactive effect of viral and metabolic factors on liver fibrosis warrants further investigation in a prospective study.
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The present study indicated that CHB patients with a high body weight and high DBP are more prone to developing liver steatosis in the abdominal obesity group. NAFL is the liver manifestation of metabolic syndrome. A previous study has indicated that CHB combined with NAFLD is a indicator for poor response to entercavir (34). Chan et al (35) revealed that in CHB patients with NAFL, the risk of liver cancer was increased by 7.3-fold. Based on the results of the present study, CHB patients with abdominal obesity should be screened for NAFL, particularly those that are overweight or have a high DBP. Although the disease course is an important factor affecting disease progression, it was not analyzed in the present study. The course of the disease was not included as a variable for analysis in the present study for the following reasons: Certain patients may lack knowledge regarding their disease course or it is not accurately reported by them. Furthermore, in numerous cases, infection may have occurred during childhood or even as mother-to-child transmission, and is then only detected in adulthood.
However, based on previous studies, liver fibrosis may be diagnosed if the liver stiffness value is >7.4 kpa, and advanced liver fibrosis is indicated if the value is >10.6 kpa in patients with normal bilirubin and ALT <2x upper limit of normal (16) . For patients with a higher ALT, the cutoff value of the liver stiffness value should be set higher. However, the use of a higher cut-off point leads to false-negative results. Since the aim of the present study was to identify a subpopulation with a risk of liver fibrosis, the cut-off value was set lower, allowing for better identification of liver fibrosis.
The present study had certain limitations. First, the sample size of the study was relatively small. Furthermore, the data included in the present study were from a single center. Some patients with other types of obesity, such as general obesity, may be classified as patients with abdominal obesity, which is another limitation of this study. The use of height and weight, rather than BMI, was also a limitation of the current study. Given the cross-sectional nature of the present study, propensity score matching or another prospective study should be performed to corroborate the conclusions. Multi-center clinical studies are warranted to confirm the present results, providing a strategy for screening and early diagnosis of liver fibrosis in CHB patients with abdominal obesity. The impact of these factors on the future development of fibrosis and steatosis is need to be assessed in a future study.
In conclusion, to the best of our knowledge, the present study was the first to demonstrate that abdominal obesity is associated with liver fibrosis in CHB patients. For CHB patients with abdominal obesity, priority screening and timely intervention should be provided if those patients have indicators for liver fibrosis.
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